The nutrition and physiology of some aquatic Hyphomycetes were examined. Optimum growth temperatures were below those usually encountered amongst aquatic moulds. Several species utilized almost all the carbohydrates tested and most gave a molar growth yield between 80 and 95 mg. mycelial dry weight/m-mole carbohydrate utilized. Of the vitamins tested none appeared to be essential nutrients for most species, though some were stimulatory. Nitrate and ammonium ions both served as adequate nitrogen sources, with a preference for the latter. The ways in which aquatic Hyphomycetes may have nutritional advantages over their possible ecological competitors are discussed.
INTRODUCTION
Ingold and collaborators (see Peterson, 1962 ) drew attention to a distinctive group of aquatic Fungi Imperfecti of world-wide distribution, of which about 60 species have been described, and which live on decaying leaves of deciduous trees in rapidly flowing streams. The mycelia infest the tissue of the decaying leaves and produce conidiophores which project into the water. The organisms are not confined to this habitat. They have been found growing on beech roots (Waid, 1954) , the leaf carpet of woods (Scourfield, 1940) , pine bark (Saccardo, 1876 (Saccardo, , 1880 , and Ranzoni (1953) stated that maple samaras, peach stones, fern rhizomes, small twigs and decomposing sporophylls of Isoetes, onion scales and paper serve as well as leaves as substrata for these organisms. The aquatic habitat, however, is certainly a characteristic one where they can regularly be found, Although our knowledge of the morphology and conidial development of these fungi is adequate, comparatively little is known about their ecology and almost nothing about their nutrition and physiology. Ranzoni (1953) investigated the carbon nutrition and vitamin requirements of two species of Anguillospora, but apart from these observations there appears to be no published work. I n an attempt to fill this gap in knowledge an investigation was made of the nutrition and physiology of some common species of this group. It was hoped that the results of this investigation might throw light on the ecology, and explain in part the preference for the rather unusual habitat to which these fungi have become adapted. 
METHODS
Pure cultures were started from single spore isolates and maintained a t 15" in Petri dishes containing malt extract agar (see below). The method of isolation of single spores and the stimulation of spore production from mature culture was as described by Webster (1959) . The experiments concerned with carbon and vitamin nutrition involved the use of 1 ml. of a suspension of washed spores as inocula. Sterile spores were produced by aerating a suspension of mature mycelium under sterile conditions, then washing by centrifuging at 9000 rev./min. (5000g) under sterile conditions with several changes of sterile distilled water.
Media. The following media were used throughout the work.
(1) Malt agar for culture maintenance; 'Oxoid' malt extract 16 g., agar 20 g., distilled water 1 1.
(2) Liquid malt extract: a solution of malt extract in distilled water (16 g./l.), repeatedly filtered through Whatman's no. 1 filter paper. (3) Carbon nutrition was examined by using the following medium (based on Ranzoni, 1953 This medium is referred to below as 'Ranzoni Medium' and was usually sterilized by Seitz filtration. When starch and methylcellulose were used, sterilization was by autoclaving a t 115" for 10 min. (4) Basal medium consisted of Ranzoni medium without carbohydrate. ( 5 ) Vitamin-free medium used in growth factor experiments was Ranzoni medium, but with the yeast extract replaced by 2 g. asparagine.
Vitamins were added as required. (6) Nitrogen nutrition was examined in Ranzoni medium, but with the yeast extract replaced by biotin + pantothenic acid (each 5 ,ug./l.) and a nitrogen source of potassium nitrate (1.34 g./l.) or ammonium suIphate (0.88 g./l.). At these concentrations each salt contains the amount of nitrogen in 1 g. asparagine, which was earlier found to be a suitable concentration and source. The ammonium sulphate cultures were adjusted to pH 5.6 a t each dryweight determination.
Cultures were incubated in 20 ml. medium in 100 ml. conical flasks. For carbon, vitamin and nitrogen nutrition studies a temperature of 15" was selected. Shaken cultures (90-100 oscillations/min. with a throw of 2 in.) gave maximum yield. Mycelial dry weight was determined by filtering off the medium by suction through previously weighed Whatman no. 1 filter papers, drying the mycelial mat for 4 hr. at 125', cooling in a desiccator and reweighing.
Estimation of residual soluble carbohydrates. The anthrone technique described by McCready, Guggolz, Silviera & Owens (1950) was used, but modified to avoid an unexplained white precipitation of the reagent on dilution with used media. A sample (1 ml.) of medium filtered through sintered glass was added slowly to 5 ml. reagent in iced water, then boiled for 2 min, only and cooled for 30 min. a t 5'. The blue colour was then measured by an E.E.L. colorimeter using a number 608 light filter. This method was used for all the carbohydrates tested except starch, which was measured by a method also described by McCready et al. (1950) .
Analysis of residual nitrate and ammonium iorz. A Markham still was used for this purpose. After blanks were estimated, ammonium and nitrate ion concentrations in a medium were determined. Ammonium ion concentration was first determined
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with excess strong sodium hydroxide, and this was followed by Devada's alloy to find the nitrate concentration. The ammonia distilled over in each case was collected in flasks containing 2 yo boric acid with methyl red and bromocresol green indicators,
RESULTS
Optimum temperature. If aquatic Hyphomycetes can metabolize normally a t moderately low temperatures, they may be able to compete ecologically with other less well-adapted fungi. To test this hypothesis the optimum temperatures for the growth of eight aquatic Hyphomycetes were determined. The medium used was liquid malt extract and growth was measured as dry weight. The fungi were incubated a t 5-30" in 5" intervals in shaken culture. Several readings were taken, those after 11 days of incubation being found most suitable for optimum temperature determination. Carbon nutrition. The utilization of several carbohydrates by some aquatic Hyphomycetes was tested by growing them in shaken culture in Ranzoni medium.
The carbohydrates tested included all those previously identified in leaf litter from alder, oak, beech and birch. Articulospora tetracladia was used to determine the yeast extract concentration needed for minimal supply of all growth factors.
For quantitative expression of the results the molar growth yield was adopted (Bauchop & Elsden, 1960) . It is defined as: Dry wt. organism./mmole substrate utilized.
If such yields are to have comparative value it is essential to choose a system in which falling carbohydrate concentration is the factor which first limits growth. If other factors (availability of oxygen, vitamin or trace metal) limit growth first, then an apparently inefficient utilization of the carbohydrate would be found, probably with a build-up of intermediate metabolic products. The apparent ineficiency would in this case be false. It was therefore necessary to determine the concentration of carbohydrates which satisfies the above condition.
The qualitative relationship between the amount of growth of a micro-organism and its nutrient supply was first stressed by Monod (1942) for bacteria. In order to find the appropriate concentration a t which carbohydrate should be supplied, preliminary experiments were carried out. They determined the range of concentration within which, for a particular medium, there is a linear relationship between amount of carbohydrate supplied and the dry weight of yield of organism. Articulospora tetraczudia was grown a t various glucose concentrations in Ranzoni medium and incubated statically or shaken a t 15". Figure 1 shows that, in shaken culture, a direct relationship between mycelial yield and glucose concentration existed for this medium a t concentrations between 2 and 8 g. glucose/l.; 4 g./l. was chosen for subsequent work. The graph also shows the inhibitory effect of high glucose concentration in standing culture.
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The assumption was made that the physiology of Articulospora tefracladia and the other fungi to be examined did not differ appreciably with respect to glucose metabolism and detailed studies of suitable carbohydrate concentrations were not made for other fungi. Residual carbohydrate was analysed in all experiments so that failure to achieve complete utilization of glucose would be detected.
The yield of aquatic Hyphomycetes grown on various carbohydrates. The growth of several moulds with the following carbohydrates was examined : glucose, fructose, maltose, cellobiose, xylose, starch, sucrose, methylcellulose. The carbohydrates were supplied a t 4 g./l., which gave media containing similar amounts of glucose equivalent, regardless of the carbohydrate used. The pH value of the cultures throughout the experiments was fairly constant. Increasing mycelial dry weights were plotted against carbohydrate concentration, which usually fell to zero. Sometimes halfmaximum dry weight of organism was obtained when almost complete utilization of carbohydrate was recorded, suggesting that an extracellular breakdown of the hexose molecule might have occurred before utilization. The yields are expressed in terms of molar growth yields ( Two test organisms known to require, respectively, the thiazole moiety of thiamine (Rhodotorula rubra) and biotin (Sordaria Jimicola) were used to examine the purity of the medium. Neither species grew on the basal medium alone but was vigorous when thiamine and biotin were added. The medium was therefore considered free from biotin and thiazole or thiamine. Increasing the number of washings of spores for inocula did not affect the results. Experiments were then carried out with several other species, vitamins being supplied singly. Several species of aquatic Hyphomycetes had no detectable vitamin requirements, whilst in others the lag period was shortened in the presence of certain vitamins, but all cultures eventually reached the same dry weights. Only one species (Volucrispora aurantiaca) had an absolute requirement, namely for biotin ( The inorganic nitrogen nutrition of some aquatic Hyphomycetes. Thresh, Beale & Suckling (1949) showed that most streams on Coal Measures, Millstone Grit and Sandstone contained small concentrations of ammonium and nitrate ions. These might form nitrogen sources for aquatic Hyphomycetes. Thresh et al. (1949) showed that nitrite was only found in sewage effluent and nitrite will not be discussed here. Table 3 records the maximum dry weights of organism found with nitrate or ammonium ions as nitrogen sources. The standard deviation for all results lay between & 0.8 and & 1.2. The average pH value for growth with nitrate was 7-4 and for growth with ammonium ion was 4.4. This would have been considerably lower but for pH adjustment with 4 % NaOH. Because the media still contained residual nitrogen a t the end of the experiments, nitrogen starvation could not have been responsible for stopping growth.
Preferential utilization of inorganic nitrogen. The previous experiments indicated that a greater yield of organism was attained with ammonium ion than with nitrate ion. A test was therefore made to see whether a preference for nitrate or ammonium ion existed. The nitrogen source was a mixture of ammonium sulphate and potassium nitrate, each containing an equal weight of nitrogen, so that the two sources together equalled the weight of nitrogen in 1 g. asparagine. (Morris, 1960) , E. coli strain 4071 (Whitaker, 1962) , Aspergillus niger (Terroine & Wurmser, 1922) , and Penicillium chrysogenum (Pirt & Callow, 1960) .
The only requirement for vitamin was by Volucrispora aurantiaca for biotin, but this organism may not be a true aquatic Hyphomycete (Haskins, 1958; Ingold, 1959) . The only other effect was a shortening of the lag period by pantothenic acid with Articulospora tetracladia, an unusual requirement in fungi. It may be suggested that aquatic Hyphomycetes might have some nutritional advantage over the other aquatic moulds by virtue of their high degree of vitamin autotrophism.
The ease with which the aquatic Hyphomycetes utilize inorganic nitrogen (except Volucrispora) is not a common feature of other aquatic moulds. Whiffen (1945) recorded no growth of Saprolegniaceous moulds on (NH,),SO, or KNO,, but adequate growth on organic nitrogen sources. Reischer (1951) recorded poor growth of six species of Achlya as well as Protoachl ya, Isoachlya, Saprolegnia delicia and Thraustotheca on nitrate. The aquatic Hyphomycetes may, therefore, benefit more from the nitrate and ammonium ions leached from the soil into streams than do other aquatic moulds.
